Effect of proportion of three branched-chain amino acids (leucine, valine, and isoleucine: BCAA) for nitrogen utilization was studied in vivo by an intragastric administration of 15N-L-leucine to control rats and liver-injured rats treated with carbon tetrachloride (CC1 4-rats). F ollowing the administration of isonitrogenous dose of three amino acid and L-alanine; 11, 8, 6, 18mg/ml), Low-Val (11, 2, 6, 23mg/ml) , and High-Val (11, 32, 6, 0mg/ml)], 15N enrichments in serum albumin , liver, skeletal muscle, and brain proteins and non-protein fractions , and urea nitrogen were compared by using 15N-analyzer. In CCl4-rats , the 15N enrichment in liver protein fraction was significantly lower in the High-Val group than in the Low-Val group. However , the difference of 15N enrichment in serum albumin between Low-Val and High-Val groups in CC1 4-rats was unclear. Th e 15N enrichments in non-protein fractions of the brains in CCl 4-rats were about twofold those in the skeletal muscles and the highest 15N enrichment was recognized in the Low-Val group . In the non-protein fraction of skeletal muscle in CC14-rats , significantly low 15N enrichment was shown in the High-Val group compared with the Low-Val group . The 15 N enrichment in urinary urea was significantly higher in the High -Val group than in the Low-Val group in CC14-rats. In the Standard group of control rats, 15N enrichments in serum albumin and protein fraction of skeletal muscle were higher than in other groups . In non-protein fractions of control rats, the lowest 15N enrichment in liver and the highest 15N enrichment in skeletal muscle were recognized in the Standard group . These results suggest that a large amount of valine supplement among BCAA is less useful for leucine utilization in liver-injured rats than in normal rats. 
Summary
Effect of proportion of three branched-chain amino acids (leucine, valine, and isoleucine: BCAA) for nitrogen utilization was studied in vivo by an intragastric administration of 15N-L-leucine to control rats and liver-injured rats treated with carbon tetrachloride (CC1 4-rats). F ollowing the administration of isonitrogenous dose of three amino acid solutions [Standard (15N-L-leucine, L-valine , L-isoleucine, and L-alanine; 11, 8, 6, 18mg/ml), Low-Val (11, 2, 6, 23mg/ml) , and High-Val (11, 32, 6, 0mg/ml)], 15N enrichments in serum albumin , liver, skeletal muscle, and brain proteins and non-protein fractions , and urea nitrogen were compared by using 15N-analyzer. In CCl4-rats , the 15N enrichment in liver protein fraction was significantly lower in the High-Val group than in the Low-Val group. However , the difference of 15N enrichment in serum albumin between Low-Val and High-Val groups in CC1 4-rats was unclear. Th e 15N enrichments in non-protein fractions of the brains in CCl 4-rats were about twofold those in the skeletal muscles and the highest 15N enrichment was recognized in the Low-Val group . In the non-protein fraction of skeletal muscle in CC14-rats , significantly low 15N enrichment was shown in the High-Val group compared with the Low-Val group . The 15 N enrichment in urinary urea was significantly higher in the High -Val group than in the Low-Val group in CC14-rats. In the Standard group of control rats, 15N enrichments in serum albumin and protein fraction of skeletal muscle were higher than in other groups . In non-protein fractions of control rats, the lowest 15N enrichment in liver and the highest 15N enrichment in skeletal muscle were recognized in the Standard group . These results suggest that a large amount of valine supplement among BCAA is less useful for leucine utilization in liver-injured rats than in normal rats. Key Words branched-chain amino acid, 15N-leucine, valine, 15N enrichment, liver-injured rat Therapeutic effects of branched-chain amino acid (valine, leucine, and isoleucine: BCAA) on protein malnutrition have been recognized in patients with liver cirrhosis (1) . However, the optimal proportion of each amino acid for the most effective treatment is not unknown. Some reports suggest that leucine has more potential effect than valine for protein synthesis or protecting protein degradation in muscle (2, 3) . On the other hand, Freund et al. (4) revealed that the infusion of valine alone significantly increased muscle protein synthesis. In our previous study using 15N-ammonium chloride (5), the leucine-rich BCAA solution was found to be more effective in enhancing 15N incorporation into liver and skeletal muscle proteins in carbon tetrachloride (CCl4)-intoxicated rats (CCl4-rats).
In the present study, effect of valine on leucine utilization was examined by an intragastric administration of 15N-labeled leucine to normal and CCl4-intoxicated rats. Montanari et al. (15) found that, in cirrhosis, the intracellular pool of valine was severely depleted and thus higher amounts of valine supplement may be useful. However, the present study shows that plasma valine concentration in the High-Val group of CCl4-rats reached an extremely high level and induced the elevation of plasma leucine and isoleucine concentrations. The fact that 15N enrichment remained high in non-protein fraction of the liver in the High-Val group of CCl4-rats may also indicate the retardation of 15N incorporation into protein.
In the control rats, retardation of valine metabolism was also recognized in 17) recognized stimulated synthesis of albumin in the hepatocytes of stressed rats with the relative concentration of isoleucine, valine, and leucine (0.300/0.893/1.000). From our results, it was suggested that albumin synthesis in CCl4-injured rats was reduced compared with control rats and the administration of BCAA in which the ratio of valine is lower than that of leucine was effective for protein synthesis in the liver.
BCAA is metabolized mainly in the skeletal muscle. And insulin promotes BCAA uptake by skeletal muscle. Ferenci et al. (18) indicated impaired clearance of plasma BCAA and other amino acids in association with insulin resistance of the peripheral tissues. As reported previously, CCl4-injured rats showed a high level of plasma IRI (5); however, effect of insulin on the incorporation of 15N into muscle was unclear.
In the Low-Val group, 15N enrichment in the non-protein fraction of brain was higher than in the other groups. This result seems to show the competition of leucine and valine for the carrier by which these amino acids are transported into the brain (19).
15N incorporation into urea was estimated to be low in the Low -Val group of CCl4-rats. The reason for this may be due to promoted incorporation of 15N into skeletal muscle as shown in the Low-Val group.
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